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ABSTRACT

A coil antenna consisting of apﬁfoximately 6000 turns

of copper wire was utilized to measure the horizontal com-
ponent of fluctuations of the earth's magnetic field on the
floor of Monterey Bay in water depth of approximately 50
- meters. The results indicate that the power spectral den-
! sity of the fluctuations varies from 10nT2/Hz at 0.04 Hz to
10'6nT2/Hz at 25 Hz, a monotonic decrease of about 6 dB/
octave, except in the 8-20 Hz region where the Schumann
resonances occur. While the sensitivity of the equipment
‘ was insufficient to measure the vertical component of the
fluctuation we can put an upper limit of 10‘?nT2/Hz at 1 Hz
: and 10-6(nT)2/Hz at 10 Hz on the magnitude of this component.
| The same sensor was alsoc used to measure various com-
ponents of the field fluctuations at a remote land-site
(Chew's Ridge). In the frequency range observed the gen-

eral shape of the spectra was similar to those obtained at

e e Aok

sea. However, a strong azimuthal variation at certain

[
1
V! frequencies was noted in the land data. The possibility

.:’
X
?
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that these directional signals are of man made origin

cannot be excluded at this time.
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I. INTRODUCTION

This thesis research is a part of an ongoing effort, at
the Naval Postgraduate School, to obtain improved long term
data and interpretations of the electromagnetic noise on
the ocean floor. The overall project objectives are to
study and interpret signals covering 5 decades of frequency
from .001 Hz to 100 Hz through the combined use of total
field magnetometers and ULF/ELF receivers, The overall pro-
ject emphasizes the importance of obtaining measurements of
geomagnetic noise fluctuations on the sea floor and on land
over a period of several years and at various locations.

The particular objectives of this thesis research are
1) to collect local magnetic field fluctuation data at a
relatively quiet land site near Monterey, California for
comparison with data obtained from the floor of Monterey
Bay and 2) to test a coil type antenna specifically de-

signed for deep sea use, as well as the required electronics

and data recording equipment.




II. BACKGROUND

A. SOURCES OF GEOMAGNETIC FLUCTUATIONS

Geomagnetic fluctuations result from sources internal

and external to the earth's surface. Internal sources,
which account for approximately one-third of the variations
in earth's magnetic field, are referred to as secular vari-
ations, having periods of thousands of years. Geomagnetic
storms, diurnal variations, and micropulsations are due to
external sources and have periods on the order of days and
less.

Probably the best known sources of geomagnetic fluctua-
tions are those generated by the interaction of charged
particles with the magnetic fields of the magnetosphere.
Figure 1 indicates an approximate power spectrum of vari-
ations measured on the earth's surface having periods of a
day or shorter. Although this phenomenon is not fully

: understood, much effort has been expended in studying the
sources and predicting the occurrences of these variations.
The high frequency fluctuations, referred to as micropul-
) sations, fall into two general classes: Pi or irregular
t; pulsations and Pc or continuocus pulsations and are be-
?j lieved to result from wave- particle interaction in the
| magnetosphere (Jacobs 1970).
O0f particular interest are long and short term predic-

. : tions of the Pc 1 geomagnetic pulsations (.2-5 Hz). A

; 12
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number of methods are available for the forecasting of long-
term (Fraser-Smith, 1972 and Matyeyeva et al., 1972) and
short-term (Fraser-Smith, 1980) geomagnetic pulsation
occurances. However, the accuracy of these methods must
eventually be determined by comparison with the observed
data for both research and operational reasons.

Thus a better understanding of the time dependent
component of the geomagnetic field is of considerable
interest both in geophysical and naval applications. Pre-
diction of geomagnetic fluctuations is especially valuable
in Navy operational and projected systems such as extreme-
ly low frequency (ELF) communications, submarine detection
(Magnetic Anomaly Detection), and weapon deployment (mines,
rarticle beams, and torpedoes).

In addition to the information about magnetospheric
processes which can be deduced from a study of time varia-
tions of the geomagnetic field, these fluctuationa also
serve as an important tool in the study of other geophysical
quantities. Thus both conventional and naval magnetotelluric
techniques make use of the variable geomagnetic field in
the measurement of ocean floor conductivities. Similar
measurements are employed in the study of earthquake faults,
the location of aquifers and geophysical prospecting in

general.

14




B. ELECTROMAGNETIC PROPAGATION IN LAYERED CONDUCTING MEDIA

To describe electromagnetic propagation in layered con-
ducting media, a three layer model was selected (see figure
2). Note that plane wave propagation is assumed. This mod-
el was used to predict the expected geomagnetic variations
in the media and at their interfaces. Before proceeding
with an explanation of the model and its use, the follow-
ing definitions are presented:

A = Wavelength, meter

v_= Phase velocity, meter/second

I = a+jB, Complex propagation constant, meter“l
w = Angular frequency, radian/second
u = Permeability, henry/meter

€ = Dielectric constant, farad/meter, e=e €, where €0=
10-9/36n farad/meter

€ _= Relative dielectric constant, for air er=l and for
sea water sr=81

o = Conductivity, siemens/meter, for sea water 02=4
siemens/meter and for sea floor 03=.1 siemens/meter

E = Electric field strength, volt/meter

B = Magnetic flux density, tesla

§ = Skin depth, 1/a, meter

f = Frequency, hertz

n = Intrinsic impedance, ohm

The media are assumed to be non-magnetic with Hy=H,=

u3=u0=4n(10_7) henry/meter. Sea water and the ocean floor

15




are assumed to be good conductors in the frequency of in-
terest (.04 to 25 Hz), i.e., o/we>>1 (conduction current
dominates). On the other hand, air is assumed to be a good
insulator, i.e., 0/we<<l (displacement current dominates).
For these conditions the following equations for the propa-
gation constants and intrinsic impedances along with their
numerical values are valid:

Region 1l: (air)

- -8 -1
ro=datuge)? [T)1=1.9(107%) £ meter
nl=(uoe:l);5 ]nl]=377 ohm
i Region 2: (sea water)
. -3 -1
I‘2=(J(n1.10<32);5 lF2|=5.6(10 )f!'i meter
: n,=Gun /o) [n,l=1.4(1073 £% ohm _
Region 3: (sea floor)
1

1”3=(jmuoc3)!5 |r3|=8.9(1o'4)fls meter
n3=(jmuo/c3)% |n3|=a.9(1o‘3)f‘s ohm
' For simplicity, only the theory for a normally inci-
o dent, plane polarized wave is considered. The modification
for the general case of oblique incidence is easily made.
. It can be shown that the direction of propagation in the
ﬁ sea is vertically downward, regardless of the angle of
' incidence.

Use of Maxwell's equations and the above assumptions

results in the following wave equations for the media of

. interest:




Region 1l:
(Air) E
r

Region 2:
(Sea Water)

E,

Region 3:
(Sea Floor)

Figure 2. THREE-LAYER "ODEL

Region 1l: (air)
= -Thz,. Ti1z
Ex1 Eie +Lre
B, - . -T2z iz
Y1 (uo/nl){Eie +E_e }

Region 2: (sea water)

- T
E = E. e 2% F22
X2 +

By2= (uo/nz){E+e

Region 3: (sea floor)

E_e

-Pzz I‘ZZ}

~E_e

= -I‘;z
E,,= E.©
By3= (uo/n3)Ete

The boundary conditions require that the electric and

ng

magnetic fields be continuous at each.interface, i.e., at
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the air-sea water and sea water-sea floor boundaries.
These conditions are:
. . -+ -
z=0: E,+E_ = E +E_

z=a: £ e T2 28 -Tyd

(n/ny) (E,e7 1285 ef2d} = (uo/mpEe”

+E_e =E.e

Tad

We have here five unknowns with only four relations
between them. To obtain a meaningful result from the above
equations, the various E components are expressed as

ratios, normalized to Ei. The form of the ratios are:

E .= (Er/Ei)' E, = (E+/Ei), E = (E_/Ei), and E =
(Et/Ei)
Algebraic calculations result in the following expressions:
2n2 (na+n3s)
Bl = (ns#n2) (Mitn2)+(ma=ny) (ns-nz)e~ 2129
2nz (nas-nz) q
E (ﬂz+ﬂ3)(ﬂ1+nz)ezr2d+(ﬂz-ﬂ1)(ﬂs‘ﬂz)
- -(r.-T3)d (T.+Ts)d
E = Ee +E_e
By = EE -1

Using the above equations for region 2 (sea water),
an expression for the induced-to-incident magnetic field

on the sea floor is obtained.

- - -l‘zz_ I‘zz . =

BYZ(Z) = E,,/n2 =E;(Ee E e *7) since E;=(n1/uo)By
- -Fzz_ T2

BYz(z) = (n1/u0)By{E e E e 2%}
= = -I‘zz_ Fzz

§y2(z) BYz/Bi (n1/ug) (E e E e 2%}

Now assuming that n, and n; are much less than n,, we define




“:1

g =ns/nz = {02/03}%. After some algebraic manipulations,

we obtain:

o G = alarne2 0T T 9,
A (g+1) e 28- (g-1) 7120

For z=d and substituting the numerical values of na, na,
I', into the above equation at a specified frequency, one
can obtain a plot of the induced-to-incident magnetic
field versus depth. See Figure 3. Clearly, if one is %o
detect magnetic field variations in sea water at any
appreciable depth, then the variations must be of low

frequency.
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C. GEOMAGNETIC FORECASTS

The Space Environment Services Center located in
Boulder, Colorado publishes a Preliminary Report and Fore-
cast of Solar Geophysical Data, including geomagnetic
activity. A more detailed synopsis of geophysical data is
contained in the environmental data services monthly publi-~
cation "Solar-Geophysical Data”". Of importance to the re-
search effort here at Naval Postgraduate School are the
reports of the A and K-indices for the mid-latitude region
containing Monterey. The major monitoring staticon for the
mid-latitude areas in the U.S. is located in Fredericks-
burg, Virginia.

A and K-indices reported by Fredericksburg are of in-
terest to NPGS, since this station lies approximately on
the same latitude as Monterey. The A-indices indicate a
24-nr daily variation in the earth's magnetic field while
the K-indices indicate a 3-hr period of variation within
the 24-hr A-index. The K-indices vary in range from 0
(very quiet) to 9 (extremely disturbed) with an A-index of
30 or greater indicating geomagnetic storm conditions.

The above information was utilized to correlate geo-
magnetic predictions and forecasts with geomagnetic data
obtained in Monterey Bay. This correlation concept is util-
ized below in Section V, experimental results. (See Appen-

dix C for a further description of geomagnetic forecasts).
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D. REVIEW OF EARLIER WORK

A fair amount of research has been and is being done in
the detection and prediction of low frequency variations
(less than 100 Hz) of the earth's magnetic field, both on
land and in the sea. Earlier experiments by Horton and
Hoffman (1962), Santirocco and Parker (1963), and Davidson
(1964) revealed that the power spectral density of back-
ground geomagnetic activity in the frequency range 10-4- 1
Hz decreased monotonically with a slope of approximately -6
dB/octave. The spectrum then levels off and is dominated
by the Schumann resonances in the frequency range 1-40 Hz
(Schumann and Konig, 1954). Measurements indicate a gen-

eral increase in background activity between 20 and 70 Hz

-as reported by Campbell (1966), with a continued sharp

decrease in slope above 80 Hz.

Spectrums obtained by Larsen and Egeland (1968) indi-
cate that the general decline observed at frequencies below
5 Hz continues through 70 Hz and probably to higher fre-
quencies (Maxwell and Stone, 1963; Westerlund, 1970) with
the Schumann resonance activity being superimposed on the
declining background as a form of fine structure. Hence,
there is a remarkably steady decline of the background fluc~
truations at a rate of approximately 6 dB/octave covering

almost 6 decades of frequency (10-% - 102 Hz) (Fraser-Smith

and Buxton, 1975).




Recent measurements conducted by Fraser-Smith and Bux-
ton in the .1 - 14 Hz frequency range confirmed earlier
predictions and detections. They discovered that the gen-
eral decline in background activity continued for frequen-
cies up to 5 Hz, but for frequencies above 5 Hz the decline
appeared to be suppressed by the occurence of the Schumann
resonances.

More recent work was accomplished in the low frequency
ranges at La Mesa in Monterey. Barry (1978) and Clayton
(1979) investigated geomagnetic fluctuations in the fre-
quency ranges .,1-10 Hz and .4-40 Hz, respectively. Their
results are in general agreement with earlier measurements.

Chaffee (1979) measured geomagnetic variations of the
earth’'s magnetic field on the floor of Monterey Bay in 100-
200 meters of sea water and covering the frequency range
«01-3 Hz. Chaffee observed the power spectrum of typical
geomagnetic fluctuations to vary from 1 nTz/HZ at .01 Hz %o
approximately 10-5 nTZ/Hzn Most low frequency studies made
in sea water have been performed to detect geomagnetic
fluctuations produced by surface waves. Since little data
islavailable on actual geomagnetic noise at low frequen-
cies, the project at Naval Postgraduate School is a con-
tinuing effort to create a reliable data base for future

reference and correlation.
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III. EXPERIMENTAI EQUIPMENT AND TESTS

A, EQUIPMENT CONFIGURATION

Most of the equipment utilized for this project was
either designed and/or manufactured at the Naval Postgra-
duate School, while test equipment used was mostly of

commercial origin. Much effort was expended in testing and

ensuring that the experimental equipment operated as con-
cieved and predicted. It was important for all equipment
to be dc coupled to avoid loss of low frequency signals. A
discussion of the equipment and its configuration follows:
1. Data Accuisition Equipment
SENSOR
The general hookup of the data acquisition
equipment is depicted in Figure 4. The sensor is a self-
supporting, continuously wound, non-center-tapped coil an-~
tenna manufactured from approximately 6000 turns of 18 gauge
copper magnet wire. The sensitivity of the coil is estab-
lished in Section III. B. Its weight is approximately 100
pounds. Its overall dimensions (.15m by .37m) were deter-
mined by the largest glass sphere commercially manufactured
by Benthos, Incorporated. Refer to Figure 5. The coil re-

sistance is 120 ohms and its self-inductance is approxi-

mately 9.31 henries.
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PREAMPLIFIER

Various differential preamplifiers were tested
and used including the PAR-113 amplifier manufactured by
Princeton Applied Research Corporation. This preamplifier
was selected because of its higher signal to noise ratio,
low power requirements, and compactness. The preamplifier
itself is packaged as an integral part of the sensor, i.e.,
it is housed in the glass sphere with the sensor. Attempts
to separate the preamplifier from the sensor resulted in
additional noise caused by cable motion.

The front end of the preamplifier utilized a low-

noise, "state of the art" differential device (LH 0038 C)

manufactured by National Semiconductor Corporation. It has
a single-ended output which is connected to additional
stages of amplification. The final stage of the preampli-
fier contains an active filter which is set to a cutoff
frequency of 20 Hz. The overall preamplifier gain, in-
cluding filters, is approximately é6 dB. A graph of the
preamplifier gain characteristics is included as Figure 14,
A schematic diagram of the preamplifier circuit is contained
\ in Appendix A,
| VOLTAGE CONTROLLED OSCILLATOR

The schematic diagram of the voltage controlled
oscillator (VCO) is included in Appendix &. The function
of the VCO is to convert low frequency analog voltages re-

ceived from the sensor through the preamplifier into a
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varying frequency, centered at 1500 Hz. The output level of
the VCO is approximately 0.2 volt (zero to peak) square wave
of varying frequency which is recorded on an analog cassette
tape recorder. The conversion factor for the VCO is 1.25
Hz/mV.
REFERENCE OSCILLATOR
A 2 KHz reference oscillator signal is recorded
simultaneously with the VCO signal on a separate channel.
The schematic diagram of the reference oscillator is also
included in Appendix A. The primary purpose of the refer-
ence oscillator is to reduce tape recorder noise (wow and
flutter) during playback.
TAPE RECORDER
The tape recorder employed for this project is a
portable stereo cassette type (Marantz Superscope, Model
CD-330), powered by a 6 Vdc battery. The Superscope was
selected to meet the size constraints imposed by the glass
spheres., Additional characteristics are:
(1) Tape Speed: 1-7/8 in/s
(2) Frequency response: 40 Hz to 12 KHz
(3) Signal-to-noise ratio: 50 4B
(4) Wow and flutter: .12%
POWER SUPPLIES
Gould Gelyte lead batteries are utilized to meet
dc power requirements. They are sealed, rechargeable, and

virtually maintainance free batteries, containing no free
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electrolyte. Various sizes are used to meet the power
specifications of all data taking and analysis equipment,
except test equinment.

2. Data Analysis Equipment

Refer to Figure 6 for the general hookup of the data
analysis equipment. The tape recorder and power supplies
(discussed above) were employed in data analysis as well as
in data taking. A description of the additional analysis
equipment follows:

MIXER

Appendix A contains the schematic for the mixer

circuit. The mixer is powered bty * 12 Vdc and accepts the

recorded sensor data and reference oscillator signals at its

REF. CHANN FREQ.
TAPE N urxer [RIZEL TO VARYING
RECORDER |{DATA CHANNE TREQ.| VOLTAGE [VOLTAGE
CONVERTER
SPECTRUM
ANALYZER

Figure 6 DATA ANALYSIS EQUIPMENT

inputs from the tape recorder. The difference frequency of
the mixer is the input to a frequency-to-voltage converter.

The mixer circult also contains a low pass filter with a
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cutoff frequency at approximately 1200 Hz. The purpose of
the low pass filter is to elimate unwanted harmonics of the
difference frequency.

FREQUENCY-TO-VOLTAGE CONVERTER (ANADEX PI-375)

The purpose of the frequency-to-voltage converter
(FVC) is to convert the difference frequency from the mixer
into an analog voltage. The varying voltage is an exact
representation of the geomagnetic fluctuations detected by
the sensor. The FVC is powered bty 24 Vdc and has the
following additional characteristics:

(a) Input frequency range: 0-2000 Hz

(b) Output dc voltage: 0-10V full scale

(c) Conversion factor: 4.91 mV/Hz
The output of the converter is analyzed with a spectrum
analyzer.

SPECTRUM ANALYZER (S/A)

Numerous spectrum analyzers were used for data
analysis: The Schlumberger Model 1510-03, The Ubiquitos
Model UA-500, The Mini-Ubiquitos Model 440, and the Hewlett
Packard Model 3582A. Each of these analyzers has inherent
advantages and disadvantages revealed during their operation.

The Schlumberger S/A does not provide for dc
coupling and hence was not adequate for low frequency appli-
cations. The Ubiquitos has dc coupling and limited low
frequency capabilities. Also an external display had to be

provided to obtain a power spectral density read out which
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would be highly inaccurate. The Hewlett Packard Analyzer
was capable of dc coupling and provided for a digital dis-
play of the power spectrum. However, it does not have a
logarithmic scale for frequency.

The most adequate S/A utilized was the Mini-
Ubiquitos Model 440. It provides for dc coupling, has a
digital display of the power spectrum, and has a logarithmic
as well as a linear frequency scale.

Since the discriminator output is a positive dc
voltage, it was necessary to provide for dc offset in order
to increase the input sensitivity of the spectrum analyzer.
The Tertronix Model AM 502 differential amplifier was
utilized with its gain set to X1.

3, Underwater Equipment
Underwater equipment included the following (see
Figure 7):

(a) Benthos vacusealed glass spheres with
associated hard hats, penetrators, and sealant strip.

(b) Cable and connectors

(¢) Anchor and nylon line
The particular spheres employed during this project were a
low expansion borosilicate type, having a 0.404 meter in-
side diameter. The actual spheres used in the tests were
two hemispherical shells specially matched to guard against
leakage. They are pressure tested by the manufacturer, to

1000 atmospheres, which is equivalent to a sea water depth
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of 10,000 meters. Before the spheres are placed in the
hardhats, which provide protection against breakage, the
hemispherical seam is sealed with sealant strip and taped.

Penetrators were installed in the wall of the
Benthos Glass Housings to provide electrical connections to
enclosed equipment. A pressure type penetrator is used to
activate the tape recorder when the instrumentation sphere
is at a depth of approximately 10 meters.

Signals from the sensor to the instrumentation
sphere are propagated through a twisted-pair, shielded,
rubber coated, 25 meters long cable with Brantner type sea
connectors. The connectors are made from a special molded
neoprene material; they have brass, hard gold plated con-
tacts and are pressure rated to greater than 1000 atmos-
pheres when mated.

An anchor supports the sensor sphere and provides
added negative buoyancy to prevent the system from floating.
It was designed and constructed from PVC piping, filled
with sand, and neoprene-coated lead bricks were strapped to
the piping for additional weight. Extreme care was taken
to ensure that any exposed metallic surface which might

induce unwanted currents into the sea water are eliminated.
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B. SENSOR SENSITIVITY
1. Theoretical Sensor Sensitivity
The use of wire coils to measure magnetic field
changes is not new. Faraday's Law of Induction states that
the electromotive force (emf) induced in a single-turn

circuit is equal to minus the rate of change of flux:

emf =-

e
ol

(3-1)

The flux is that which passes through a surface

bounded by the conductor and is defined as:

¢ = fB-43 (3-2)

If we consider N turns of wire connected in series,
then the total induced emf is the sum of the emf induced in

each separate turn, or for a loop:

30

emf = =N T

(3-3)

Q)

In this work it shall be assumed that magnetic
fields vary sinusoidally with time and may be written as:

B = §6e—3wt (3~4)

Where E; is a magnetic vector field and only a
function of spatial coordinates and not of time. By substi-
tuting equation (3-2) into (3-3) and with equation (3-4) we

have:

emf = -NBoij (3-5)
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where A is the area enclosed by the coil. The magnitude of

this emf is;

emf = NBO(2nf)A (3-6)

If the output of the sensor is connected to a high input
impedance amplifier, then negligible current can flow
through the sensor which might otherwise produce a back emf
and reduce the magnitude of the field to be measured. The

sensor's open circuit voltage or sensitivity can be calcu-

lated from the parameters given in Section III. A. 1 for a
1 nT field at a frequency of 1 Hz; emf = 3.1117 uV, thus 20
log (emf) = -110.14 dB. (re: 1 Volt)

The area used in calculating the emf for a single
turn of wire is easier to visualize than the area of a
finite width coil. It was decided that an average area

obtained from the area within the inner radius and the area

! to be more accurate than using an average radius to compute
the area. Figure 8 depicts the expected sensitivity of

i \ within the outer radius would be used. This method appears
E i the sensor.

|

]

i
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2. Experimental Determination Of Sensor Sensitivity
Two  methods were utilized to determine the sen-
sor's actual sensitivity. The first method consisted of
producing a known field at a specified distance from an 84
turn copper coil and measuring the electromotive force or
voltage signal produced by the sensor. The second method
was similar to the first, but a .61 meter radius Helmholtz
coil was used to establish a more uniform magnetic field in
the central region.
METHCD I.
The magnetic field produced ty a circular ring of N

turns at a point Z along the symmetry axis is given Dby:

8(z) - 27NIz®(10%)

. (3-7)
2 + r2)772

(z

Equa*tion (3-7) is obtained from the Biot-Savart Law using
“he units of I (ampere), r (meters), Z (meters), and 3
(nanotesla) as depicted in Figure 9, Test coil specifica-

+ions were as follows:

r= ,1577 m
N = 84 turns
r inner = 15 cm

r outer = 16,5 cm
where r was computed from the average area of the coil.
Rearranging equation (3-7) we have:
(22 + rz)3/2

Irms = - B. (3-8}
1.68(10%)r*=
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N

Specifying the desired field strength and distance deter-
mines the current through the coil at different frequencies.
To produce the required current a 1108 resistor was placed
in series with the coil of 40 depicted in Figure 10, and

the signal voltage was set according to:

Va,p = TR+ R (3-9)

The current was determined to be within ¥ 1.0% of one mA and
the field produced along the central axis of symmetry was
determined to within ¥ 10.% of a nT.

The data obtained on the sensor's sensitivity for a
S nT and 66.4 nT signal, when compared *to the theoretical
curve, revealed that a more uniform field in the vicinity of
the sensor was needed and that the test should be performed
in an area remote from metallic structures such as in a
lavoratory. The data obtained was within 6 dB of the theo-
retical values as can be seen in Figure 12.

METHOD IT.

The second method, that of using a pair of Helm-
holtz coils, produced a more uniform field over a larger
area., Figure 11 illustrates how the coil was designed to
produce an easily accessible, almost homogeneous magnetic
field in the central region te*ween the coils.

Expressions for the magnetic induction vector for

the axial and radial componets are:
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bo 8NI 144 ,z.* . 54 z%r'?
= - =22 (= +... 3-10
B,=c¢msg 1-15® *Imrw 1 )

B, = HeBNI ¢ iggg:) (322 + 10r'? +...) (3-11)
r 5/5 R

as given in (Jefemenko, 1966).

So, in the central region:

B = HoSNI (3-12)
2 5/ R
B, = 0 (3-13)

to the terms of the order (L/R)¥, where L is the linear di-
mensions of the region. Using the same method to determine
the current in the loops, 2s explained above, the data
shown in Figure 13 indicates that the actual sensitivity
was about one dB less than the theoretical value for the
entire frequency band of interest. It was determined that
the accuracy of the measured sensitivity was well within
the expected theoretical limits. The major source of error
in the theoretical computuation was determining accurately
the area enclosed by the conductor due to the finite width

of the coil.
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To obtain the corrected power spectral density referenced

to 1 nT2/Hz, the following procedure (derived in Appendix

D) was used:

N dB
(4)

(B)
(C)

(C)

The Spectrum Analyzer reading in 4B volts.

The Hanning window bandwidth correction for

the particular Spectrum Analyzer used.

The +transfer Function defined above.

The corrected power spectgal density where

/Hz.

¢ dB ig referenced to 1nT

N dB - (B) - (A).

S




ZT ambtrg

Kousanbaag .
001} ol 0 ¢ zH) 1
TVt 1V —-._-.- T 7T prrrrv T 1 d:ﬂ-qq T 1
= ALIATLISNIS HOSNAS TYINAWIMAdXE -4 93
I JOHLINW ..m.
09
- — oz1—__
1]
=]
=
j el
o PI9TI JuU G ® J0J
sjutod 9AJIND TeOT3aJ09Yy]
p— elep TejuswutIadXy o=t 001 -
- - -
=3
——— g 08 -
PISTI IU 4°99 ® J0F
— SAIND TeOT18J09Y] -
frae l 09
— IOA T 99 &P 0 7
11111 _:n-PL i P._F.- i 1 —.Pp. J S S N




€1 @2mbtg

00t Aousnbaag ol o v (ZH) 10
Trrriiv i ¥ —_-H- LIRS —-qﬁd- ] v —A-ﬂ-\q T 1 4
N
e — o
!
(o]
0
T Smm— °N—|)
3
- — 2
— PIeTy Iu G ® J0F — o01-
8AJIND TEOT38I09Y[
— sputod o )
BlED TEjUSWTIdXH—nuo = o
| — oo
= —
pte—— J 8 -
(QTANTYIEO ATIVININTIHIXA)
— ALIATLISNIS HOSNES TUIOV JTOAT = €p 0 ]
a1 L —::r. 1 1 PCFPP- 11 _.r._.rr 1




C. SYSTEM TRANSFER FUNCTION

The system can be represented by a simple block diagram
that converts a varying magnetic field into a voltage that
can be displayed and whose power spectral density can be

measured with a Spectrum Analyzer:

1 AT ——e{SYSTEM |}——= X number of volts

The transfer function is frequency dependent. It was cal-

culated by separating the system into its componenté as

follows:
(v) (v) (Hz) (4z)
1 nT —=t SENSOR PREAMP -~ VCO AMP
- X VOLTS
N VC nT

Onge'the sensor sensitivity was determined using the Helm-
noltz coils it remained to compute the gains and conver-
sions of the electronic components to determine the overall
system transfer function.

The preamplifier was designed to be a low pass, low
noise amplifier with a very sharp cutoff frequency at 20 Hz.

This cutoff frequency is necessary to attenuate the 60 Hz
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fields present at all land sites. As can be observed in
Figure 14 the gain characteristics are flat to 10 Hz with
a gain of 66.5 dB. The sharp cutoff at 20 Hz was obtained
with a final stage active filter network which added slight-
ly to the gain prior to cutoff,
The voltage controlled oscillator (VCO) was designed

to have a center frequency of 1500 Hz with an output voltage
level of .4 volts (Peak to Peak). The purpose of having a
low output voltage at 1500 Hz is to minimize crosstalk be-
tween tape recorder channels and to operate well within the
frequency response of the tape recorder. Since the tape
recorder and mixer (described in Section III. A) have unity
gain, the overall gain of the VCO and frequency-to-voltage
converter (FVC) was measured by amplifying *the 1500 Hz
signal to the required level to drive the FVC with a low
noise, PAR-113 amplifier. The low pass gain characteristics
of the VCO/FVC combination can be seen in Figure 15. The

) response is similar to that of the preamplifier and is
characterized by a constant gain of 34.7 dB from dc to 4 Hz

and a slight decrease after 10 Hz as required for additional

) 60 Hz filtering.

i } The system transfer function was calculated by adding

; } the gain of the preamplifier to the gain of the VCO/FVC com-
bination and to the sensor sensitivity at equivalent fre-
quencies. This can be seen in Figure 16. The data presented

? . in this research is referenced to 1 nT rather than 1 volt.
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D. SYSTEM NOISE

The best amplifier performance is realized when the
amplifier causes the least decrease in the overall signal-
to-noise ratio. In many instances the thermal noise gener-
ated by the signal source resistance is the dominant factor
in determining the input signal-to-noise ratio. Ampl.ifier
noise performance can be specified by +the amount of noise
the amplifier adds to the amplified source thermal noise.
Expressed in decibels, and defined as the "noise figure",

or NF, it is given by:

NF = 20 log Xtotal rms noise voltage at amp outout (3-14)
gain x (source thermal noise voltage)

where the Source Thermal Noise = 44KTRAf volits rms, and
K = Boltzmann's constant, 1.38 x 10723 joules/°K
T = absolute temperature in degree Kelvin
f = Equivalent Noise Bandwidth in Hz
R = source resistance in ohms

The total output noise may be converted to an equivalent
input noise by dividing by the amplifier gain. Thus the

noise figure becomes:

NF = 20 log Zfotal rms noise voltage referred to amp input
source thermal noise voltage (rms) (3-15)

The equivalent noise bandwidth (Af) used in determining the
source thermal noise is simply w/2 times the high fre-

quency rolloff.
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The system's preamplifier has a 3 dB point on the low
pass gain curve at 25 Hz. This yields an equivalent noise

bandwidth of
Af = 25 x n/2 = 39.27 Hz

and a source thermal noise of 8.69 x 10~2 rms volts, which
is -161 dB re: 1 volt.

A 120Q resistor was connected across to the preamplifier
input while the rms voltage was measured on the spectrum
analyzer. By dividing the total output noise by the amp-
lifier gain the Noise Figure at one hertz was obtained as
15 dB (see in Figure 17).

Once the total rms noise voltage referred to the pre-
amplifier's input was determined, the noise introduced by
the remainder of the system was determined to be negligible
in comparison to the preamplifier noise, with the exception
of four very discrete frequency components introduced by
the tape recorder. These are centered at 3.4, 6.1, 6.8,
and 8.1 Hz and have been deleted from the data curves. The
purpose of the reference signal and mixer is to eliminate
the tape recorder noise., However, the noise reduction
is 1limited to about 10 dB at these four undesired frequen-
cies.

The total system noise rms voltage level was measured
several times at various locations. In particular, it was

measured each time data was taken in the environment pre-

Lo
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sent (i.e. land or sea). 0Cn each occasion *he =otal noise
was found to be at the level shown in Figure 17 which was
exclusively front end preamplifier noise. No other sources

introduced noise above this level.
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IV. EXPERIMENTAL RESULTS

A. UNDERWATER DATA

0f the six hours of total recorded data, half was ob-
tained at sea and half at a remote land site near Chew's
Ridge in California. The underwater data was taken at two
stations designated as Station #1 (36°-38'N, 121°-52'W) and
Station #2 (36°-39'N, 121°-53'yw), The devth, local *ime,
date, and frequency band of the measurements are annotated
on each figure. The sea floor at both stations has less
than 5° of slope and consists mainly of smooth sand. The
sensor was arranged so that the central axis of symmetry
was parallel to the sea floor at an arbitrary angle refer-
enced -o a North/South direction.

Fizure 18-19 represent one half hour of recorded under-
water data taken in a moderately heavy sea state (10-15 f%.
swells) on 14 April 80. The remainder of da*a taken on 14
April was not usable due to loss of electrical continuity
between upper and lower spheres. Figures 20-29 represent
2.5 hours of recorded underwater data taken in calm seas
on 18 April 80.

B. LAND DATA

All three hours of land data was recorded on 1 May 80.
The location was chosen because of 1ts remoteness and lack
of external power sources or power lines. The position of

the sensor remained fixed throughout each data run, and
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the orientation was as follows:

YERTICAL

SENSOR

» NORTH

,200 at

I =
(Mlonterey, Calif)

/I
.
’

Figure # e 4
30-31 70° 180°
e 5 5
34 902 og

35 60 0
36 30° 180°
37 90° 90°

The only prominent signals observed at less than 1 Hz were

on the first run. All subsequent runs revealed preamplifier

noise to be dominant at less than 1 Hz.
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C. DISCUSSION AND CCORRELATION OF DATA

Many variables influence the level of geomagnetic acti-
vity on the sea floor, thus, an unambiguous comparison with
the sparce previous data is almost impossible. Three at-
tempts at sea of three hours duration each were made with
the coil's axis of symmetry directed upward in order to mea-
sure the vertical field component. The data gathered indi-
cated that the geomagnetic activity in the vertical plane
was below the noise level of the system. This agrees with
theory which predicts that incident plane waves are refracted
normal to the surface leaving only a components of the field
in the horizontal vlane in the sea. The data indicates that
a small verticle component in the sea may still be present
but was observed to be below preamplifier noise. Thus an
upper limit on the vertical component of magnetic field
fluctuations can be established as 1O'3nT2/Hz at 1 Hz and
10-6nT2/Hz at 10 Hz.

It is also difficult to compare the fluctuations of the
total magnetic field as obtained from a total field measuring
system and a system which measures only one component of the
field. Earlier data obtained with a Cesium magnetometer
(Chaffee 1979) on the floor of Monterey Bay indicated that
the 1 Hz fluctuations as measured in a 5 hour period were
-30 dB referenced to 1 nTz/Hz at a depth of 70 meters. The
average value cbtained with the coil on 18 April at 1 Hz was

-28 dB referenced to 1 nT2/Hz at a depth of 45 meters. This

appears to be in very good agreement.
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The most interesting frequency range observed was above
1 Hz, The level of geomagnetic activity was observed to be
quiet between 1-6 Hz but became active at 9.6, 11.9, 15.5,
and 19 Hz for the sea measurements. The land measuremen®s

indicated similar characteristics with predominant fre-

quencies centered at 7.3, 10.7, and 24.9 Hz. Pclk and
Fitchen (1962) made measurements of the N-S, E-W horizontal
magnetic components and showed that the fundamental mode of
Schumann rescnance i1s not constant in frequency with time,
They were able to determine the svectral frequency range as
7 Hz to 11 Hz. The spectral frequencies at 7.3 Hz and 9.6
Hz as measured on land and in the sea respectively, corre-
late well with the fundamental Schumann resonance frequency.

The spectral frequencies of 10.7 Hz and 11.9 H:z as

measured cn land and in the sea respectively have the typical
time develoopment for Schumann resonances as rerorted by

Polk and Fitchen. The second resonant mode should occur at
14 Hz as observed by Balser and Wagner (1960). Since the
data in thls research does not correlate well in frequency

as a second resonant mode, but does indicate typical wave-
shapes for Schumann resonance, furthur investigation is
recommended.

The 7.3 and 10.7 Hz spectral lines appeared to have

different polarizations as different coil orientations pro-
duced varying levels of either frequency. This observation

could not be established on the sea floor, as no control
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over the angle with respect to North/South was available,
but was quite evident in the land measurements. The 24.9

Hz spectral line was observed to increase toward the after-
noon and was apparently independent of orientation. Fur-
thur investigation of these frequencies 1s required to de-~
termine polarization as the methods utilized for determining
orientation were inaccurate (¥ 5°) but the data was still
reproducadble and quite convincing.

The sea floor data taken on 14 April was higher in
magnitude than the data taken on the 18 April. 1In part this
can be attributed to a higher A-index (9) on 14 April com-
pared to an A-index (&) on 18 April. Internal and surface
wave motion was higher on 14 April as evidenced by separa-

tion of the cable. No wave height correlation could be

made, since a wave height measuring device was not avail-

able in “he vicinity of the data gathering region.
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V. EQUIPMENT/SYSTEM IMPROVEMENTS AND RECOMMENDATIONS

The system utilized for this project was well suited
to a shallow sea water environment (200 meters). The
system and equipment have been demonstrated to operate as
conceived. To deploy this system in a deep ocean environ-
ment will require several modifications.

The tollowing discussion on system improvements is
presented as reccmmendations to make the system more reli-
able and usable in the ocean environment. The tape recorder
is probavly the single, major source of equipment troubles
in the system. Although the record heads and capstan drive
were meticulously cleaned and demagnetized, *he recorded
information still appeared noisy and distorted. The mixer
circuit was able to attenuate and filter some of these
distortions, but not to the degree that totally eliminated
them. Initial investigation revealed that the longer the
tapes, the more prominent the noise. Shorter tapes were
utilized with some success. Further investigation revealed
that the single capstan drive motor and associated circuitry
wvere of inferior design and failed to adequately compensate
for the changing tape reel speeds. As discussed in a pre-
vious section, the distortions were finally determined to
be present at certain discrete frequencies.

Ancther obvious requirement for a more reliable re-

corder is the reduction of recording time brought about
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by the shorter tapes. Even though digitizing the data
would increase data gathering time, the present recording
system's operation in this role is highly questionable.
Therefore, it is recommended *that this tape recorder be re-
placed by a more reliable instrument.

Coils used as sensors require less power to operate
than the more complicated total field measuring magneto-
meters. However, coil type sensors have lower sensitivities
(sensitivity is proportional to frequency) and are unable
to measure the dc component of the earth's main field. The
present coil size 1is restricted by *he largest glass sthere,
as discussed in Section III. The sensitivity of ‘the senscr
can be increased by increasing the area and/or the number
of turns of the coil. However, this is not possible in the
tresent system., Thus the sensor is limited in its capa-
bilities to detect geomagnetic fluctuations because of its
lack of sensitivity at low frequencies.

In addition, higher frequencies are attenuated more
than lower frequencies in sea water (see Section II).
Hence, the use of a coil in a deep ocean environment is
questionable but not completely ruled out. Modifications
to the preamplifier (to be discussed below) would increase
the sensitivity of the system and, possibly make it quite
feasible for deep ocean use., However, it 1s recommended
that continued use of the present system be restricted to

shallow water deployment or the system be redesigned for
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land measurements. That is, a larger sensor be designed and
constructed for increased sensitivity and used to gather
geomagnetic fluctuations on land. If three such sensors
were produced, then all conmponents of the earth’'s magnetic
field fluctuations could be measured. In addition, the
volarization of the horizon+al component could be further
investigated by connecting two such coils and determining
the coherence vetween tThe two measurements.

State of the art devices limit the design of a pre-
amplifier which operates at low frequencies. In the present

system, the noise figure of the preamplifier is 15 dB at one
nertz. More recently an improved preamplifier has been

desizned and buil% by Dr. Alan Phillips whose noise figure
is about 10 d3 better. This improvement will greatly
erthance the sensitivity of *he system and make its use in
a deep ocean environment more feasible.

In the presenst system, no means axist for determining
the horizontal orientation of the sensor axis when deployed
in the ocean. Observed data indicates that the horizontal
component of geomagnetic field variations may be polarized.
(See Section IV on discussion of data). It is recommended
that an aiming device be designed and constructed so the
exact orientation of the sensor is known when deployed in"
the ocean.

An improvement in the splicing of cable and connectors

is recommended. Presently the Research Department at
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the Naval Fcstgraduate School splices the connector pigtails
to the cable and sphere peneirators. This method was
satisfactory for shallow water employment, however, a more
reliable method is required for deep ocean usage. It is
recommended that cadbles, connector pigtails, and penetrators
be commercially svpliced Tor greater reliability.

Tresently *the only means of data correlation are with
past data collected at the Naval Fostgraduate School and
the indices (see Sec*ion II) rervorted by Fredericksburg,
Virginia. Since surface and internal ocean waves are known
to be a gource of field fluctuations, it ilg recommended that
a wave gauge (various %yres are available) be purchased and
utilized as another means of correlasing geomagnetic

variations.,

[N

It is recommended that the various elecironic component
chassis's te integrated in*o one or *two units and a more
practical method of connecting vower be provided to en-

hance the sys*em's compactness and increase its reliability.




APPENDIX A
EQUIPMENT SCHEVATICS

Numerous preamplifiers were Tested and utilized during

the extent of this project. Figure 38 was the most recent

"State of the Art" amplifier which provided the guietest

operation, i.e., greatest signal-to-noise ratio,

Figure 39 is the schematic for the mixer circuit used

at the output of the analog cassette recorder for data

analysis, Figure 40 is the 2 KHz oscillator reference

-
siznal generator used in the analog recording system %o

reduce tapve "wow and flutter". Figure 41 is the VCO unit

used in this experimenz.
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APPENDIX B
EQUIPMENT USAGE

Equipment utilized to measure, record, and analyze
magnetic field fluctuations requires a certain amount of
maintenance and handling. Below is a suggested list of
hints which might help prevent equipment damage and pro-
long its usefulness.

A. Benthos glass spheres - much care should be exer-
cised when handling the hemigpherical shells because they
are highly susceptible to chipping around the ground glass
edges when exposed. The shell halves are serialized and
appropriately marked for proper mating. When exposed to a
deep water environment, the spheres are subjected to lower
temperatures. Retreaval from the ocean depths results in
the condensation of water. A heat gun may be necessary to
dry the surfaces and return the spheres to ambient temper-
ature, Temperature differences may also cause the glass
housings to become vacuum locked. Evenly applied heat
about the sphere surface will assist in releasing the
vacuum,

The strip sealant used for sealing the shells
should be applied on a meticulously cleaned surface at or
near room temperature. Fallure to properly seal the
spheres will result in leakage and possibly, equipment

damage. Toulene and alcohol are the recommended glass
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cleaning solutions. Caution: Toulene is both toxic and
poisonous. It should be applied with rubber gloves in a
well ventilated area.

B. Electronic Equipment - of particular concern here
is proper application of power supply voltages. Improperly
applied voltages may result in integrated circuit and/or
printed circuit board damage. The suggested application of
dc power is to first, connect the non-common lead (s),
being careful not to short the common lead against the
equipment chassis, and finally, connect the common lead.
Circuit power should not be applied unless there is a load
on the input.

C. Portable Cassette Tape Recorder -~ The tape recorder
heads and capstan drive should be cleaned and demagnetized
after each recording. Failure to do this may result in
noise spikes that could ruin a hard days work. It is also
recommended that all tapes be "fast forwarded and rewound"
before being utilized for data taking. High quality 60
minute tapes are recommended, since longer tapes appear to
impose greater drag on this type recorder. Before sealing
the instrumentation sphere, ensure the record button is
depressed and the record levels are properly adjusted.

D. Voltage controlled oscillator (VCO) - the center
frequency of the VCO should be adjusted to 1500 Hz prior to
sealing the instrumentation sphere. This can be accomplished
by adjusting the center frequency poteniometer with the input

shorted. &7




E. Mixer - an amplifier stage is provided for the
sensor and reference oscillator (clock) inputs to the
mixer. With inputs from the clock and sensor, adjust the
gain poteniometers for a 6-10 V peak-to-peak output dif-
ference frequency. A 6-10 V peak-to-peak output is
necessary to drive the frequency-to-voltage converter.
Verify that the output difference frequency is what it
should be. Note that this vrocedure may have to be per-
formed prior to each data analysis, since record levels
may vary from one recording to the next.

F. Gelyte batteries - the batteries should be charged
prior to taking data. Each battery is labeled and a record
of charge is maintained in the laboratery. Presently there
are 2 ampere-hour ratings being utilized in the system.

The recommended charge procedure 1is:

18 ampere-hour: charge at 1 ampere for approxi-

mately 20 hours for full charge. Do not overcharge for more
than 24 hours in excess of the ampere-hour rating.

2.6 _ampere-hour: charge at 0.2 amp for approxi-

mately 15 hours for full charge. Do not overcharge for more
than 24 hours in excess of the ampere-hour rating.

Go Connectors/cable: before and after each use in a

corrosive environment, all connectors should be scrupulously
cleaned to prevent deterioration. Alcohol and cotton-tipped

applicators should be used. Further, all male connectors

should be lightly lubricated with silicon grease to ensure
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an adequate seal and prevent water intrusion. The locking
sleeves on the connectors are there to prevent stress and
are not part of the pressure system. The connectors are
adequately marked and care should be exercised in mating
them. The cable and connector pigtails should not be sub-
jected to undue strains and sharp bends. Intermittent
and/or complete signal loss may result as well as cable

separation.




APPENDIX C

Geoumagnetic Indices and Forecasts can be a valuable aid
in data correlation and interpretation. In this Appendix
we include an explanation of the type of geomagnetic in-
formation which is available on a weekly basis from NOCA
(Boulder, Colorado) and which we have found to be very

helpful in our researcnh.
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DESCRIPTIVE TEXT
Contents of

Preliminary Report ani Fore
Solar- Geon wsical Acetiv

r‘ n

(A

\.m

1 May 1980

The Prelininarv Report and Forecast of Solar-Geophwsical Activity
(““F) is composed each Tuesdar and issued the next dav dv the jcinc
Nagional Occinic and Atmospheric Administracion, Space EInvironzent
Laborat ry (MAA)/Air Force air Weather Service (&US), Space
Environzent Se.rvices Center (herein denoted as SESC), 3Bculder,
Colorado 8030). It is a continuation i veell

a

reosovres which bozan in 1951 and
Alvitude Chservarorv and U0AN an
series tegan wizh serial number

e rv retort bas

L . theralore, o 3

i ntenled tfor ra o

reial real ci ko n

here are subject to late i ne T
copvrizhc or other restr pvi his repor:. AL:~1val
qualicv lava, suicable £ sgu are published in
the monthly publicazion R Da GD) available
from the Uatisnal Geodhysica cia rre L Data Cenczer
(World Cazn Cenrer A), Environmental Zara and rmation Service,
Do NOAA, Boulder, €O 80303, Az a still lacer definicive
publication Zor much of the data is made in che 1AU Quarterly
Bulletin of Solar Activity. Special reports are also issued from
time to time by the World Data Center for Solar-Terrestrial Physics

This report is made possible through the combined efforcs of
several groups providing data on a fast time basis. A complete
list of data sources is ziven in Note 4 at the end of this dcscr‘p-
tive text. Corments concerning the content of or possible improve-
ments in the Report are invited.

Frontispiece

The frontispiece contains the title of the publication, publication
number and date, and a photoeraph symbolizingz man's dependence upen
the radiacive output of the sun. The photograph is a frame from

the time-lapce 35 mm patrol movie taken with the hivdrogen-alpha
patrol telescope of the Space Environment Services Center in Boulder,
Colorado. The photograph was taken December 9, 1968 by Joe Sutorik,
chief solar observer, in collaboration with student observer and
mountaineer Galen McFadyen. The two observers carefully charted

the positions of the sectting sun along the profile of the rusped
Flatiron Yountains three miles west of the observatory and antic-
ipated the date when the sun would set behind an accessible rock




outcropping. On the selected date, Mr. McFadyen scaled the mountain
and positioned himself so that his full figure would appear silhou-
etted against the sun.

First page
the highlights of solar-geophwvsical

es
z seven days and contains forecasts oI
2 the rext 27-day interval.

The first page summariz
activity during che oas
expected activicy durin
In the activity summary and forecasts, solar acrive regions are
identified by the SESC-assisned region number, latitude, Carrin
(hellograpHLc) lonzitude, and modified Zurich region classi
sunspot area in xillionzhs of the solar fremisphere on tne d
maxinum sunspot area.

yo
Ll !11"

Significant solar activity is discussed in terms of che ¢
istics of the region of origin, x-ray classification of
M, or X), optical importance of flaras (8X, 1B, etc.), r
energetic particle emission, and zeophysical effects. T
istics of near-farcth proton events as Jetected by toth s

or
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and ground-based sensors are discussed. Geomagnetic s
disturbances are described. Observations of visual
described when available. ‘Whenever Zeasitle, solar
activity will be summariced and forecast within the
the following routinely used terms:

Solar activity:

Very low - wusually only quiet regions on the solar disk
and no more than five of these; fewer than
ten C-class subflares without important
centimetric radio bursts or sudden ionoscheric
discurbances during a 24-hour period.

Low - usually more than five but less than ten
quiet regions on the solar disk; only C-class
subflares without important centimetric radio
bursts or sudden ionosphcrzc disturbances
during a 24-hour period.

Moderate - eruptive rezions on the solar disk; fewer
than five M-class x-ray events with important
centimetric radio bursts or sudden ionospheric
disturbances during a 24-hour period.

High - active regions on the solar disk; several M-
class x-ray events with imgortant centimetric
radio bursts and strong sudden ionospheric
disturbances and/or one or two importance 2
chromospheric flares or X-class x-ray events
during a 24-hour peried.
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Very high - one or more regions on the solar disk capable
of preducing proton evenis; one or -ove
chronosaher;: flares of i.uo*ta“ce
greater wich ou’*'a:;x.; ;cﬂ:x“ec
bursts (500 flux units adbov
greater), X- Ll*ss X-ray eve

cxpec:=d ltAln a -hour
The x-ray classificacio
Environment Scrvices Ce
attempts to cliassify so
offers at least two dis
optical classifications
ical significznce of a sc n!
means oI classifving almos P-4 vsi ac:va:y
rava“.-ess 2t 1zs locacio the ar vond) the
solar limb. The definitions of class C, M, and X events are based
upen the peak x-ray ux Iin the 1 to 8 Angstrom wavelength range,
as follows:
Class Peak 1-8&% flux _a -1
(* in watt o ~) {1 in erz cm “sec )
c s < 107° 5w
-5 A - -1
M 107%< 5 < 10 107%< 3 < 10
A -
X s > 10 5 » 107t
For Jdescriptive purpcses, a one diziz number frem 1 to 9 mav be
appended to these lecrer Jesiznations. The letzer then acts as a
multiplier. For example, a €3 bursc indicates_gn x-ray burst with
peak £lux in the neighborhood of 2Ix13°°0 wart o -, Similarly, an xS
event would indicate an x-ray burst with teak flux near Sx10° % wacs
w T. This expanded classification is generally used onlv for
description of events; forecast: are usuallv issued in terms of the
broad €, M, and categorics. 0 _designation may be used Ior
events smaller than 1x10 © watt m -,
Geomagretic activity:
In the definitions of the following adjectives used to describe
gecmagnetic accivity, A refers to the l4-hour A-inde\ observed at a
. nid-latitude observatorwv such as Tredaricksburg, VA: not the planetary
' A-index, Ap. The K-indices are, likewise, mid-latitude values.
) Quiet = A <« 7, usually no K-indices ~ 2.
) Unsettled = 7 <A <15, usually no K-indices > 3.
, Active = 15 <A <30, a few K-indices of 4.
‘ Minor storm = 30 <A <50, X-indices mostly &4 and 5.
Major storm = A > 50, scme K-indices 6, or greater.




A
N Is} 1 el LU
U 0 &} Ll I . .
gD O 48 (B3N 7] (IR 5.
0 - 9] $4ored 32 o] e QO QM A o
-l n 3 - RN R A ol 3o o - o P ol G ) £y o
o a LS o ol [T AR o O~ 1) P, W -~ n Qg — U [l b
oo 0 — 5] £ A b Bw Qi DD - O.a7 !
e 3| 0 4 el [ Aol VAN T ST 0o ] 24 U e i
£oof Qe 3 I} N I VI i () [T = ) . [l
o0 P [T e} at ¥} I W Y ot Y Il O TR aNe ] o
.0 [ VIR ot .- [ t o Lo lT] 1 IS] $a Ol ta
Q- W oy Xl RS TR Nae B I o | ) o BRI ol 8 %)
NN Us o (L [V} 2 -4 13 30 Ll gl O i [ ¥
s et b 4] DA oM O w w
%} [T RSRIS 0 T 13 o w3 JON) © oo
[ Rse} L1000 ~ AL @ rled o} |4 Cio o Bbe U] | |
[HR 130U 3 WL Ot O o Yyv - ~3 Uoerd b4 120
et 1 (V] & 2B e BREN QIR el @2 O [3] (s AN Soll TRN P 9] — 1 b W W
43 o B 1P T] P} QG i e ¢ % LI O N ol ol ) o] Q@
(] 20 M O s PR AR S S VI o B s BTN T A ) £ oS PRI SRV IR I o4 ]
of et LABSIR] (i} [X IR T/ IR 9] [SIR I SN I 8 4 (TIN5 I8} O m o o]
[els] 4] oty Ol O Wt 78 -1 o} o] (LR ERa I SR} 10 [y
0 s cl [ VR I STV BT T W S TR Y} : Iy 0 UL 73 I W R S ]
g5 LERNONEYt = QI W [P 0 ~H O Lo v al v oo
't} ool o FYIRS A YRS BN A PR RVE NG F:i2 0o T dieR O
i QU .. et $a 07 IR S SRR Wi & B (9] i IR Pite ] Q 0.
of b ced e 473 LU [P CRE  EE S U AN I 5 B WIS i1} ot [eRN] o @
[V oo [ [ SR I S IS IR LN SR SER 1 e [ 54 R S s I A
0 [SIEIREY] VI R BRI SFR W) 9 Ot O [} ) = [T
0 03 et 0 | S50 H nmo" ot 0o 9} o — ot e o ) I3
faa B " et H B SRR SANY) | (Lo RSN EFEER 5 I/ Y] or @ 1~ [S I IS I ]
£ 00 ] ] ©n .00 (9] 0 Ay g C o0 R S o
o] O ¢ Lo AR O S o WA B o B S VN o 2P U BN o] E o w3 [ e BRI B o] Yy
e ~t 3 R L b, a1 @ N (o, @ (o] RS R oW [} o>
o s (SRR o a €00 el 20 1 0o U 0o [ o BEONE ] O~
wou 41 o} —i LY - QUleded @ : e i o PRI e
LA (AR [ % (SN IS 4.0 Y e ]
o [ e ed e KD MU DS . T o [ 5} oo
i 3 £ <] e 3oy 2o our I Q- L Kolts B TR o
ok S RIS o} (G} (LR N7 ek [ et [S}Ke] (SN of
[+ n T £2 43 o L B R o] e U ot et Lo
v SR =N (G I o o 34 I S
[ 7] ONC L Lo 7] [ IR By o] oSN ol RPS]
3. 1 — [} el i — AR =
32 % Ui, o G i oo v e ] N (3] O -
O IS AN oIy SRV I IS [#] >0 0 U D UT 4
43 34 — 7 (RS B B E N O B o O .0 ~ed 3 ) ] C3Un-AC
Do, o~ bl Yot Iy} = = omn oz y [S e RTINS
C . ol L@ [N IR YRR N BN o RN V] . - FII &4 N ed O i ol
2 (eI Dwon [odN o4 v~ ] [N Te] " [ g o)
D el IR IR I VR LA W e ) O e (SR S MR Iy Y]
EolNy] Ny Tl e L) D fin 13 0N el O Mot et QO b Qe
fo 14 [ SR IO I BN o NG BN Be B T [y L0 LR TR 1 [ — L b U
O iy U E L et §2 20 on ("] 4 L Y Lol e V]
(RS (SR od o N W VRN jo] w $4 [ O ] o YRR A
o Vet DN QDU ELU L0 nl (& € - w uane [
LGP L£GC LRI N VRS | o o, 3> al O Lt w.D
Sak BN W .0 [ e W L [ SUR N b] v Q L)
] OBt Do JYRIRL B RO T LYo} [ e %] IS 51 FeliAeel
O w A0 0 DY [ VI VRRS B o 1Y [ L (= bead g ]
LN ML OCWH A O 03 S 3.0 O (SRS 3 oo
DO MVOKMIHMAODEHZLUL®LOZR [ e T [ REEE ] 7] T VT U
l P x (SN~ o s NS s U V] [ o [SNS]
ree A O a1 34 o R [§!
= [+} e e RRUIRTS a6 il [ T R S I e S
g k2] ) T UL T O — Ju~C 0o
o (%) <l WS TOU <V
a
- s . - - . L _ -




AD=A092 399 NAVAL POSTGRADUATE SCHOOL MONTEREY CA F/G 8.
LOW FREQUENCY SEOMAGNETIC FLUCTUATIONS (,04 70O -25 NZ) ON LAND A-ETC(U)
JUN 80 6 R MCDEVITT» B B MOMAN

UNCLASSIFIED

2 . IIIIIIIIIllIIIIIIIIIIIIIIIIIII||IIIIIIIIII|IIII|IIIIIIIIIII|IIII




e e e e —ae

v
¢

j
i
i
by
[}
H

Weekly Energetic Event Summary

A sumnarg of all energecic (x-ray intensity greacer than or equal
to 1x1073 watt m 2) events occurring during the seven days preced-
ing the Report composition date. Reported are:

Month and Day: Date event occurred,

Begin, Maximum and Fnd: Begin, maximum and end times of
the x-ray burst. The begin time is often well defined
due to the impulsive beginning of most flare associated
X-ray events. In the past, x-ray events were ended
when the flux levels decayed to a point halfway between
the maximum level and the pre-flare background level.
This definition occasionally resulted in unterminated
events. For operational purposes the end time of an x-
ray burst is now determined by both the peak flux and the
decay rate., An X-class event is ended when flux levels
decay to less than !5 levels and remain stable for a
minimum of four minutes or when flux levels decay to less
than the M1l level, regardless of stability. All bursts
smaller than X-class are now ended when flux levels decay
to the C5 level or when flux levels decay to a point
halfway between the maximum level and the pre-flare
background level and remain stable for a minimum of four
minutes. The typical x-ray signature dictates that the
end time of a burst will be less well defined than the
begin time.

X-ray Class: As defined earlier in this descriptive text.

OPT: Optical information (if available) as follows:
Type of Activity: FLA - Solar flare
EPL - Eruptive prominence on the
solar limb
BSL - Bright surge on the limb
SPY - Spray (including ejecta)
LPS - Loops
DSF - Disappearing solar filament
UNK - Unknown activity
Importance: S = Subflare
area < 2.0 square degrees
1 = Importance
2.0 < area

2 = Importance
5.2 < area

3 = Importance
12.5 < area < 24.7 square degrees

4 = Importance 4
24.8 < area in square degrees

5.1 square degrees

12.4 square degrees

WA N A =
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Brightness qualifiers F, N or B are generally appended to
the importance character to indicate Faint, Nnrmal or
Brilliant, respectively.

Location: Flare locativn in heliographic coordinates.
Region: SESC-assigned region number.

Radio: Flux unit peak value above pre-burst background
of associated radio bursts at frequencies of 245,
415, 606, 1415, 2632 8800 a 1§ 00 MHz,
1 Flux Unit = watt m .

Sweep: Sweep frequency radio event asscclated with the energetic
event, as follows (generally only II, IV and CTM are repor:ted:
Type: I Noise storm

IT - Slow drift burst

III - Fast drift burst

IV -~ Broad-band smooth continuum burst

V. - Brief continuum burst generally associzted
with Type III bursts

CTM - long-lived continuum associated with storms
of Type IV bursts

STM ~ Storm of Type III bursts

MWB Short microwave continuum

SDF Decimeter slow drifr burst

Importance: Relative importance on a scale of 1 to 2.

An importance 1 sweep event would be ccmsidered
small or minor. An importance 3 event Is a
major or significant event.

SID: Sudden lonospheric Disturbance information,
as follows:

Type: SWF - Short-wave fadeout
Frequency: Highest frequency SWF was detected.
Importance: Subjective measurement of the relative

importance of the event on a scale of
1l to 3 (much the same as already described
for sweep frequency radio events).

Flare List

A listing of solar flares (optical importance and/or x-ray class)
reported during the previous seven days. The list has been edited

on a daily basis by the duty solar forecaster to delete multiple
reports of the same event, Criteria used in determining which

report, or combination of reports, will be used include: Qualicy of
the observation (observing conditions, was flare observed in its
entirety?), type of report (real time or film review), and the
consensus of reporting observatories The list includes the following
information:
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Month and Day: Date event occurred.

Begin, Maximum and End: Begin, maximum and end times
of the optical flare. If the start of the flare was not
observed, a "B" is appended to the begin time indicatinz
the flare srarted "Before'" that time. If the maximum was
not observed, the space is left blank. If che end of the
flare was not observed, an "A" i{s appended to the end
time indicating the flare ended "After" the end time.

Location: Flare location in heliographic coordinates.

IMP: Importance of the optical flare, as defined earlier
in this descriptive text.

REG: SESC-assigned region number or left blank for unassociazed
x-ray events and for flares which occasicnally occur in
undefined regions.

Class: Denotes x-ray class of the event according to
the C, M and X classification described earlier in
this descriptive text.

Weekly Region Summary

A summary of all regions visible on the solar disk during the
previous seven days. Each date's assessment of a region is based
upon observations made during the 24-hour UT day and the locatien
is corrected to 2400Z on the date indicated.

This summary information is compiled from the Joint AFGWC/SESC

Solar Region and Activity Summary which is a composite picture of
each region from all sunspot reports received at Soulder during the
UT Day. The Weekly Region Summary contains the following information:

MO and DA: Month and day

Region Location: Location of the "midpoint of the latitudiral
and longitudinal extremeties" of the white-light sunspot
group in heliographic coordinates at 2400Z on the date
reported. The position of the center of H-alpha plage
a:sgg%ated with the region is given if sunspots were not
visible.

Sunspot: Sunspot information is as follows:
Area: Total area of the region's sunspots in millionths
of the solar hemisphere.
Z: Modified Zurich (McIlntosh) three letter (Zpc)
classification as follows:

Z = Modified Zurich Brunner classes, A through H

p = Penumbra type of largest spot in group:
X - no penumbra, r - rudimentary, s - small
syrmetric, a - small asymmetric, h - large
symmetric, and k - large asymmetric

¢ = Relative sunspot distriburion or compactness of
group: x - single spot, o - open, i - intermediate,
and ¢ - compact
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NR: Total number of individual sunspots in the group or
region.

MAG: Magnetic classification, as shown below:
A = Alpha (single polarity spot)

B = Beta (bipolar spot configuratiocn)
G = Gamma (atypical mixture of polaricies)
BG = Beta-Gamma (mixture of polaricies in a dominantly

bipolar configuration)
BD = Beta with Delta configuration
BGD = Beta Gamma with a Delta configuration
D = Delta (opposite polarity umbrae within single
penumbrag
H-Alpha Plage: Indicates no sunspots visible but
region still visible in K-alpha spectro-
heliograms.

Calcium: Calcium spectroheliogram data from Manila, Philippines,
as follows:
Area: Total region area of calcium plage in millionths
of the solar hemisphere.
BRT: Calcium plage brightness on a subjective scale of
1.0 (low) to 5.0 (high).
Blank space indicates no calcium plage report available
for that region on that date.

Flares: Tabulation of the number of C, M and X-Class x-ray
bursts, number of subflares and number of importance 1, 2
and 3 flares observed on that date.

At the bottom, the average Carrington longitude of the region and the
x-ray burst and flare totals are listed. Finally, a comment on the
fate of the region is included. This indicates whether the region
erossed over the solar limb, died on the solar disk, or was still

an active region on the disk at the end of the reporting period.

Boulder Geomagnetic Substorm Log

This is a tabulation of substorm occurrences as observed by ground
magnetometers in the North American International Magnetospheric
Studies (IMS) network. This network is comprised of twenty-six
stations; extending from north of the auroral oval to the equatorial
zone, A substorm is a localized geomagnetic disturbance which
usually occurs near local midnight and is restricted in longitude.
However, the current systems developed during a substorm may affect
ground magnetometers in the entire nighttime sector. Additionally,
individual substorms may occur at local times, away from midnight,
and may be as large as 24 hours (global) in longitudinal extent.

By noting the time, location and scale of a substorm; one may
estimate the effect of a substorm at 2 specific location. Among
the many substorm effects are ionospheric effects (which influence
radio communications) and telluric effects (which may disturb long
distance electric power and communications systems). The familiar
aurora is a visible manifestation of the geomagnetic substorm.
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Currently, the Log provides the date, onset time (UT) and direction
(from Boulder) of each substorm. The direction is listed as "east”,
“west" or "centered" (at Boulder's geomagnetic longitude). The
comment section further describes the zecmagnetic field for a
particular day. Occurrences such as sudden commencements (sc),
sudden impulses magnetic storm periods, multiple substorms and
substorm (relative) strengths arc included.

Recent Monthly Solar Indices (Preliminary)

This is a listing of monthly preliminary scolar indices for the
past year (updated within one week after the end of each month).
The daily sunspot numbers appearing on the first page of the
Report, which are a consensus of observations from as many as hzlf
a dozen observations, are simply averaged and is reported as "SESC

Observed".

Official Zurich sunspot numbers are reported as "Zurich" as they
become available. The ratio of Zurich to SESC surspot numbers are
listed under ''Ratio Zurich/SESC"; these can be used to determine
an SESC "k" (correction) factor. In order to provide the best
early estimate of the Zurich sunspot number, e.g. near the end of
the month when the number is not yet available, an SESC corrected
number will appear in parentheses in the "Zurich" column.

The monthly mean value of 10.7 centimeter radio flux (1 flux uniz
= 10 watt m 2 Hz 1) is listed for comparison with monthly mean
sunspot numbers for comparable periods. These radic £lux values
have been adjusted to 1 A.Y., except where values appear in paren-
theses. Parenthetical values are the average of the daily values
transmitted to SESC in real time. Adjusted values are those which
appear in Solar Geophysical Data (SGD).

Special pages

To some extent the Preliminary Report is regarded as an experimental
publication by the NOAA/SEL Space Environment Services Center. The
Center publishes new data, often on a trial basis; within the
following limitations:

1. There must be reascn to believe that new data will
be of interest to a broad range of Report subscribers.
2, Inclusion of new data must not have a substantial

impact on the costs of producing the Report (as
would, for example, publication of photographs).

Some itcms added to the Report are of a "one-time-only" nature.
Among these are special drawings, descriptions or reports of unusual
solar-geophysical features or cvents. Other data forms, such as

the tabulation of monthly mean sunspot numbers, are candidates for
permanent inclusion in the Report. Because a full discussion of
special items is not possible in this descriptive text; explanations
will accompany new data forms. Subscribers are encouraged to
comment on the utility of various new data provided in the Report.
Suggestions reparding new items to be placed in the Report will be
carefully considered.
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SMS/GOES X-ray and Particle Plots

The Synchronous Mereurological Satellites (SMS-1 launched in June
1974 and SMS-2 launched in February 1975) and the Geostationary
Operational Environmental Satellites (GOES-1 launched in October
1975, GOES-2 launched in June }977 and GOES-3 launched in June
1978) carry 0.5 - 44 and 1 - 8A solar x-ray detectors and seven
proton sensors covering the rance 0.8 to 500 MeV. These sensors,
as well as a number of other sensors, are currently monitored
continuously (except during eclipse periods) in real time by the
NOAA/SEL Space Environment Services Center in Boulder. GOE3S-2 and
GOES-3, in geostationary orbi: at 110* West and 135° Vest, respec-
cigely. are now in use; and $iS-1 and -2 and GOES-1 are in standby
mode.

Preliminary graphs of SMS/GOES x-ray and oroton data are printed in
the Report as solar activity warrants, with noteworthy x-ray events
being generally more frequent than solar protons events.

The top line of the display identifies the sacellite, the sensors,
and the traces, as follows:

Satellite: Either GOES-1 or GOES-2
Sensors: ’ Either XRA (x-ray) or EPS (energetic particles)
Traces: XRA (line) 1 ~ 8

......... (points) 0.5 - 44

EPS (line) Flux > 10 MeV

The second line indicates the date and time of the start of the
plot. The number appearing in parentheses, either (1) or (3)
indicates whether the plots are based on l-minute or S5-minute
averages of the data.

The ordinate units of the XRA plots are in watt m'2 and the corre-
sponding C, M and X x-ray classification threshold is labelled on
the right margin of the plot. The ordinate units of the EPS plots
are in P em 2 sec 1l ster 1. The abscissa is a time scale in minutes
or hours, indicating the time elapsed since the beginning of the
plot at the specified start time,

Bad data have been deleted wherever possible,.

Last page

The last page contains the current preliminary H-alpha synoptic
chart. These maps depict the large-scale distribution of solar
magnetic fields as inferred from the positions of filaments (cross-
hatched), plage corridors (solid lines through stippled areas),
filament channels (solid lines outside active regions) and sunspots
(large dots, drawn very schematically). The stippled areas represent
the H-alpha plages. Dashed lines are interpolations und estimates
required to obtain consistency with polarities and patterns observed
on previous solar rotations. The numbers ildentify active rcgions.
The "plus" and "minus” signs indicate the polari:zy of the solar
magnetic field. The heliopraphic latitude is given along the lefe-
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and right-hand side of the map, the Carrington longitude is printed
along the bottom, and the date of the central merigian passage of a
glven longitude appears at the top. Some portions of the maps may
be inaccurate; however, every effort is made to correct and refine
the maps as more decailed study and comparison of time sequences of
H-alpha photographs and solar magnetoegrams permit. Edited charts
for complete Carrington rotations appear later in Solar Geophysical
Data (SGD).

Notes:

1, All times used within the Preliminary Report are Universal
Times or Greenwich l‘ean Times (as indicated by UT, GMT or
2).

2. The highlights on the first pase and all data listings
cover the seven-dav period Monday through Sunday. The
27-day forecast period begins on the following Wednesday.

3. All data listings are prepared by computer. Occasionally,
inaccurate data will be reported and included. SESC
appreciates notification of any questionable data.

4, The following are observatories whose reports are included
in the SESC data base and utilized for preparing the
Preliminary Report and Forecast of Solar-Geophysical
Activity:
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STATION WMO 1D URSI ID LOCATICN
} Anchorage, Alaska, USA 70273 25601 N61 W159
! : Athens, Greece 16716 32401 N38 E 23
Boulder, Colorado, USA 72469 20401 N4O W105
College, Alaska, USA o eeees 25602 N64& W147
' Culgoora, Australia = ==ce- 85303 $30 E149
. Ft. Yukon, Alaska, USA 70194  --e-- N67 W145
! Fredericksburg, Virginia, USA 72405 18403 N38 W 77
! GOES-2 (USA satellite) @ esecee  e-e-- WIO?
geostationary
GOES-3 (USA satellite = esece  ceve- Wi3s
geostationary
Hiraiso, Japann. = ee--- 44401 N36 Elé41
Kolloman AFB, New Mexico, USA 72269 21305 N33 w1056
Irkutsk, USSR 30710 40501 N52 E104
‘ Kitt Peak, Arizqna. usa 0000 emea- 21304 N32 Will
; Learmonth, Australia . 94302 81202 S22 El14
; . La Posta, California, USA 72287 22301 N34 W1ls
Manila, Philippines 98429 42101 N14 El121
McMath Obs., Pontiac, Michigan, USA 72537 18404 N42 W 83
Moscow, USSR 27612 34502 N55 E 37
MSFC (Huntsville), Alabama, USA = = ~-e-- 19301 N35 w 87
Ottawa, Canada 72628 18406 N45 W 76
Palehua, Hawaii, USA 91178 26204 N21 w158
Poitiers, France 07335 30511 N46E O
Ramey, Puerto Rico 78514 17201 N18 W 67
Sacramento Peals, New Mexico, USA = = ~=--- 21301 N32 w105
Sagamore Hill, Massachusetts, USA 72509 17401 N42 W 70
Sheep Mountain, Alaska, USA 70269 = ----- N62 w148
Sydney, Australia . 94768 85304 $34 E151
Thule, Greenland 04202 17801 N76 W 68
Tokyo, Japan 47662 44406 N36 El40
Vostok, Antarctica 89606 81801 578 E105
L.
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SUMMARY OF SERVICES FROM THE NCAA SPACE ENVIROMMENT SERVICES CENTER
i * The weekly publication "Preliminary Report and Forecast of Solar
and Geophysical Activity.' A summary of activity indices and
event data for the preceding week and a prediction for the next
27 days.

A tape recorded message of solar and geophysical activity and
indices for the most recent 24 hours and for the unext 24 hours.
Telephone numbers are: Commercial: (303) 499-3129 or FTS:
323-3235.

* A 40-second ressace with similar information on WWV at 18
minutes past eacn aour.

* Primary Revert ¢f Solar ard Geoohvsical Actisi<v issued each
day at <ZU-LT. Contalns activ.ty surmiry, sclar and gecmagnetic
activity indices for previous 4 hours and predictions for the
next 72 hours. Available by teletype wirh recipient expected
to pay cost of transmiscion.

* HF Radio Provagation Revort issued each day az C60QUT (with
\ ! secondary messages at UUuCclT, 1200UT, 1800UT). Discribution is
also by teletype with recinient expected to pay costs.

Direct inquiries to the duty forecaster (0702 to midnight, seven
days per weex, uountain Time). Call (303) 499-1000 extension

, \ 3171 or FTS 323-3171 (We do not accept c~llec: calls).

<

Lvent notification by phone or Teletype. Persons or organizaticns
requiring immediate notification of the predic:zlon cr occurrence {
of various solar geophysical phenomena are contacted when their

alert thresholds are met.

Direct access to :he SELDADS (Space Environment Laboratory Data
Acquisition and Display System). Us:ini standard conputer terwinzls,
customers may access the SELDADS and obtain printouts of solar,
interplanetary and geomagnetic variations data.

R

Descriptive leaflets of each of these are available. For more
information, please write to:

Space Envirorment Services Center
NOAA R43

325 Broadway

Boulder, Colorado 80303, USA 1

«

- -
Dol e WP e+ e e o

The Space Environment Services Center is a real time service
organization for serving those people needing real time or
near-real-time opecrational support. If you reed archival data
for resecarch studies, .you should write to:

—— -

National Geophysical and Solar-Terrestrial Data Center
Environment Data Services

D6 NOAA

. 325 Broadway

i Boulder, Colorado 80303, USA

M.
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APPENDIX D

TRANSFER FUNCTION USAGE

The spectrum analyser when in the dBV display mode
reads:
_ A volts
N(dBv)=20log I volt °

0 dB referenced to 1 nT and not 1 volt is desired. Thus:
(A volts)(x volts nT)=(A volts )(x volts )
1 volt X voltsénT X volts/nT’ ‘1 volt nT

where B (the field measured by the system) is:

A volts

B=(x~oits/aT)

so0 referenced to 1 nT we have:

B
1 nT

N(dB )=20log + 20log X

X is the system transfer function given in units of
volts/nT. Since spectrum analysers use various averaging
windows and have various numbers of bins the following

correction must be applied:
8%=¢ (W) ,

and:

(Bw)=(freguencz range)( window

number of bins’ ‘correction’’

Now we have:

N(dB)=201og[61/2 (Bw) 1/ 27+2010gx

and finally after rearranging:
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10log® = N(dB) - 20logX - 10log (BW) ,

where 10logd is the corrected reading or the power spectral

density. ¢ has the units of nTz/Hz.

106




10,

11.

LIST OF REFERENCES

Balser, M. and Wagner, C.A., Observations of Earth-
Iogosphere Cavity Resonances, Nature, v. 188, p. 638,
1960,

Barry, J.M., Power spectra of Geomagnetic Fluctuations
Between 0.1 and 10 Hz, M.D. Thesis, Naval Postgraduate

Phenomena, v. 1,2, Academic Press, 1967.

School, Monterey, 1978

Bitter, F., Currents, Fields, And Particles, 24 ed.,
p. 226-229, Technology Press of M.I.T. and Wiley, 1936.

Campbell, W.H. and Matsushita, S., Physics of Geomagnetic

Chaffee, E.J., Low Frequency Geomagnetic Fluctuations
(01 to 3 Hz) On The Floor of Monterey Bay, M.S. Thesis,
Naval Postgraduate School, Monterey 1979.

Clayton, F.W., Power Spectra of Geomagnetic Fluctua-
tions Between 0.1 and 40 Hz, M.S. Thesis, Naval Post-
graduate School, Monterey, 1979.

Davidson, M.J., Average Diuranl Characteristics of

Geomagnetic Power Spectrums in the Period Range 4.5
to 1,000 seconds, Journal of Geovhysical Research,

v. 69, p. 5116, 19

Fitchen, F. and Polk, C., Schumann Resonances of the
Earth-Ionosphere Cavity - Extremely Low Frequency
Reception at Kingston, R.I., Journal of Research,

v. 660, p. 313, 1962.

Fraser-Smith, A.C., Prediction of Geomagnetic Activity
(Abstract), EOS Trans. AGU, v. 53, p. 1106, 1972.

Fraser-Smith, A.C., Short-Term Prediction and a New
Method of Classification of Pc 1 Pulsation Occurances,
Paper Prepared for Radioscience Laboratory, Stanford
Elec. Lab., Stanford University, Ca., December 1979.

Praser-Saith, A.C. and Buxton, J.L., Superconducting
Magnetometer Measurements of Geomagnetic Activity

in the 0.1 to 14 Hz Frequency Range, Journal of
Geophysical Research, v. 80, n. 22, p. B87, 1962

107




U S ——

12, Horton, C.W. and Hoffman, A.A.J., Magnetotelluric
Fields in the Range .03 to 7 cycles per kilosecond,
1, Power Spectra, J. Res. Nat. Bur. Stand. Sect. D,
Ve 66’ pu 87, 19620

13, Jacobs, J.A., Geomagnetic Micropulsations, p. 179,
Springer, New York, 1970,

14, Jefimenko, 0.D., Electricity and Magnetism, Appleton-
Century-Crofts, p. 346, 379-330, 19%2.

15, Larsen, T.R. and Egeland, A., Fine Structure of the
Earth-Ionosphere Cavity Resonances, Journal of Geo-
physical Research, v. 73, p. 4986, 1988,

16, Lee, D.T. and Fraser-Smith, A.C., Long-Term Predic* 'n
of Pc 1 Geomagnetic Pulsation Occurences, Plancta;.
and Space Science, v. 23, p. 431-436, 1975,

. 17. Matveyeva, E.T., Troitskaya, V.A., and Gul'Elmi, A.V.,

‘ The Long-Term Statistical Forecast of Geomagnetic
Pulsations of Type Pc 1 Activity, Planetary and Space
Science, v. 20, p. 637, 1972,

) 18. Maxwell, E.L., and Stone, D.L., Natural Noise Fields
: From 1 cps to 100 kc, IEEE Trans. Antennas Propagat,
v. 11, p. 339, 1963.

19. Santirocco, R.A. and Parker, D.G., The Polarization
and Power Spectrums of Pc Micropulsations in Bermuda,
Journal of Geophysical Research, v. 68, p. 5545, 1963.

: 20. Skilling, H.H., Fundamentals of Electric Waves,
' p. 80, Krieger, New York, 1948.

21. Westerlund, S., Preliminary Results of Magnetotelluric

o Soundings in the Range .01-10,000 Hz, Rep. 706,
Kiruna Geophys. Obs., Kiruna, Sweden, December 1970.

et ae

-
-

-

hJ
!

108




[
§
i

-

- -
D B e A ————— " b WA mre . samtn ain

MESRV I

10.

INITIAL DISTRIBUTION LIST

Defense Technical Information Center
Cameron Station
Alezandria, VA 22314

Library, Code 0142
Naval Postgraduate School
Monterey, CA 93940

Department Chairman, Code 61
Department of Physics and Chemistry
Naval Postgraduate School

Mlonterey, CA 93940

Professor 0. Heinz, Code 61Hz
Department of Ph sics and Chemistry
Naval Postgraduate chool

Monterey, CA 93940

Professor Paul H. Moose, Code 61Me
Department of Physics and Chemistry
Naval Postgraduate School

Monterey, CA 93940

LT Robert M. Santos USN
SMC 1164

Naval Postgraduate School
Monterey, CA 93940

LT Gary M. McKinley USN
SMC 2039

Naval Postgraduate School
Monterey, CA 93940

Master

Research Vessel Acania
Coast Guard Piers
Monterey, CA 93940

LT B. Bert Homan
179 Wells R4.
Orange Park, FL 32073

LCDR Gerald R. McDevitt USN

Personnel Suppolt Activity Detachment
Point Loma

140 Sylvester Rd

San Diego, CA 92106

109

No. Copies
2




11,

12.

13,

15,

; 16.

hd 17,

18.

el el s m—— ¢ Nem- s o

Dr. A.C. Fraser-Smith

Radio Science Laboratory
Stanford Electronics laboratories
Stanford University

Stanford, CA 94305

Chief of Naval Research
Department of the Navy
800 North Quincy Street
Arlington, VA 22217

Code 100C1

Code 460

Code 464

Code 480

Commanding Officer

Office of Naval Research Branch Office
1030 E. Green Street

Pasadena, CA 91106

Director

Naval Research Laboratory
Code 2627

Washington, D.C. 20350

Office of Research, Development, Test,
and Evaluation

Department of the Navy

Code NOP-987J

Washington, D.C. 20350

Director

Defense Advanced Research
Pro jects Agency

1400 Wilson Boulevard
Arlington, VA 22209

Air Force Office of Scientific Research

Department of the Air Force Directorate
of Physics (MPG)

Building 410

Bolling Air Force Base

Washington, D.C. 20332

Army Research Office

Department of the Army

Geosciences Division

Box 12211

Research Triangle Park, N.C. 27709

A S

-

e




19, William J. Andahazy 1
: Department of the Navy

: . Naval Ship Research and Development

' Center

Annapolis Laboratory

Annapolis, Maryland 21402

20. Roger Booth
Arms Control and Disarmament Agency
o MA/AT
The State Department
Washington, D.C, 20451

111




